Any test that produces visual images or digital or genetic sequences will tend to produce incidental findings because more will be visible than what was originally sought. We conducted a systematic review of the ethical reasons presented in the literature for and against the disclosure of incidental findings arising in clinical and research genetics contexts. A search of electronic databases resulted in 13 articles included for systematic review. Articles presented reasons for and against disclosure, and reasons for proceeding with caution when making decisions about disclosure. One major recommendation of the reviewed articles is in favor of qualified disclosure: incidental findings with confirmed clinical utility where there is the possibility of treatment or prevention should be disclosed, with exceptions. A second type of recommendation is that disclosure should proceed with caution, especially in the context of new genetic technologies and genetic testing involving minors. It is also recommended that the number of possible incidental findings be limited even before genetic testing is carried out. Such a policy, which we advocate, would show preference for non-disclosure.
INTRODUCTION
Incidental findings (IFs) can arise in all medical contexts, though they have been most frequently reported in neuroimaging, oncology and genetics settings. 1 Examples include a brain aneurysm in a healthy control subject involved in neuroimaging research, 1 a malignant skin tumor discovered during a woman's routine breast cancer screening, 2 and learning that someone is of higher risk of Alzheimer's disease when they present at a genetics clinic wanting to know if there is a genetic cause for their cardiac condition. 3 IFs have been defined as findings having potential health or reproductive importance for an individual, discovered in the course of conducting a particular study (in research, clinical care or screening) but beyond the aims of that study. 1 In recent years, much has been published on IFs in general and IFs arising in imaging contexts. 1, [4] [5] [6] There is yet to be a systematic overview of IFs arising in genetics contexts. This gap in the research is not because IFs do not occur in genetics contexts. For example, a newborn screening program looking for infants with sickle cell disorder will also identify carriers of the disease, though this is not the purpose of the screening. 7 Research identifying new disease genes in linkage studies that depend on accurately defining family pedigrees can uncover misattributed paternity, another example of an IF. 8 In clinical care, array-CGH conducted to identify the genetic cause for a case of congenital heart disease could reveal CNVs related to other disorders. IFs can be imagined for all types of genetic tests, from karyotyping to whole genome sequencing. They can be directly related to the genetic test carried out, such as a chromosomal abnormality related to a disorder not specifically under study, or they can be some other health or reproductive information discovered in the course of carrying out the test, such as misattributed paternity.
The present article is novel in using systematic review techniques in exploring the ethical issues involved with disclosing IFs, focusing on genetic testing. We do not distinguish between the different types of genetic tests, and only distinguish between the genetic context (research or clinical care) when this has a definite bearing on the argument used. Screening contexts are not included in the current review, as they introduce unique public health and policy concerns not so relevant in research or clinical care. A review has recently been published on genetic screening. 9 The present review of the arguments that have been used in the ethical literature is of importance for all geneticists as they make decisions about the disclosure of IFs. It is of particular importance now, because new sequencing technologies such as whole genome and exome sequencing will produce IFs every time they are applied and the results analyzed. 10 New sequencing technologies will only exacerbate the problem of IFs, because of the huge amounts of data they generate and the widely varying significance of the data, ranging from unknown to ambiguous to critical. [11] [12] [13] METHODS Aim Systematic reviews of reasons are a relatively new form of systematic review, suitable for use in the field of reason-based bioethics. 14,15 They aim to answer not an ethical question per se, as in some systematic reviews of argument-based clinical ethics literature, but rather the empirical question of which reasons have been given in the literature when a specific ethical question was addressed. The specific ethical question that the present article is interested in, is: should IFs arising in research and clinical genetics contexts be disclosed? The related empirical question is: which ethical reasons have been used to support and oppose the disclosure of IFs?
The aim of the present study was therefore to conduct a systematic review of the ethical reasons presented in the literature for and against the disclosure of IFs arising in research and clinical genetics contexts. Search terms and the inclusion and exclusion criteria that were applied to the resulting literature stemmed from this aim.
Search methods
The electronic databases Pubmed, Entrez, BioMedSearch and Hubmed were searched, using the search string ('incidental findings' and (Bioethics or Biomedical research/ethics or Ethics, Medical or Ethics, Research)). An advanced search of Web of Science was conducted using (TS ¼ (incidental findings) and TS ¼ (bioethics or biomedical research or ethics)), covering all years and citation databases. The results of each search were downloaded to Endnote, and duplicates discarded. These searches were conducted in December 2010. The Pubmed and Web of Science searches were saved and weekly electronic updates requested until September 2011.
In the first phase of searching, no mention was made of genetics in the search terms, as this excluded too many results. In the second phase of searching, various exclusion and inclusion criteria were applied, first by reading titles and abstracts, and then by reading the full text. Publications were included for systematic review if they presented ethical reasons for or against the disclosure of IFs arising in research and clinical genetics contexts. In line with the methodology for systematic reviews of reasons proposed by Sofaer and Strech, 14 publications dealing with guidelines and regulations were excluded, as were those of a clinical or empirical nature, for instance on the frequency of IFs in a particular research or clinical field, and all empirical bioethical studies. Only publications dealing with ethical reasons were included. After finalizing which publications were to be included for systematic review, a few more publications were added as a result of the 'snowballing method' .
Only the term 'incidental findings' was used in the database searches, and not 'return of (individual) results' or any other related terms. Although we acknowledge that some of the literature on return of results also deals with the return of IFs, there are crucial differences between the two concepts, related to whether the finding falls inside or outside the domain or expertise of the researcher or clinician, and clear or ambiguous follow-up obligations. 1 We therefore decided to restrict our current search to only those articles that dealt with IFs. We return to this choice below.
Abstraction and synthesis of ethical arguments
Beginning at the level of abstract (when present) and proceeding to the level of full text, we divided the ethical arguments into three categories: arguments in favor of disclosure; arguments opposed to disclosure; and arguments that caution about disclosure (Table 1) . What is presented below does not include the number of times each argument is cited in the literature, in contrast to the methodology advocated by Strech and Sofaer. 15 This is because we consider it irrelevant how many articles do or, more specifically, do not cite a particular argument. There is also no qualitative assessment made of the reviewed literature, as is the practice in systematic reviews of reasons. 14 The discussion that follows presents our analysis and recommendations.
RESULTS

Electronic database searches
The electronic database searches resulted in a possible 229 references for systematic review, which were then read again more closely, and the inclusion and exclusion criteria detailed in the methods section applied. The full texts of the resulting 35 articles were read, and eventually 13 articles were accepted for systematic review (Figure 1 ). Of these 13, 9 came from the original electronic databases searches, 3, 8, 12, [16] [17] [18] [19] [20] [21] 4 from the 'snowballing method' , 11, 13, 22, 23 and none from electronic updates between December 2010 and September 2011 from Pubmed and Web of Science.
Reasons in favor of the disclosure of IFs
The strongest reason in favor of the disclosure of an IF is its confirmed clinical utility and the possibility of treatment or prevention. 8, 12, 18, 19, 22, 23 This can justifiably be called the strongest reason, because all of the other reasons we identified in the literature, either for or against disclosure or offering caution, present themselves either in accord with or in contrast to confirmed clinical utility and the possibility of treatment or prevention. Interestingly, only the articles dealing with research mention this reason. The four articles dealing with clinical care do not mention it, giving only arguments against disclosure or offering caution. 3, 11, 16, 20 Some define clinical utility both in terms of what a medical professional would judge to be important clinically and what a research participant would judge to be important in terms of health or reproductive information. 17 In certain circumstances, confirmed clinical utility is an argument strong enough to outweigh a stated preference for non-disclosure. For instance, if an IF from a minor is serious and treatable, thus having clinical utility, this can be an argument in favor of disclosure that overrides the right of parents or guardians to refuse disclosure. 19 An example is the incidental discovery of a mutation in the APC gene related to familial adenomatous polyposis: this discovery can be acted on through early screening and detection of colonic and extracolonic tumors. 19 Similarly, the clinical utility of IFs such as information about carrier status or present or future health risks for family members and other third parties can be an argument in favor of disclosure that overrides the right of the original subject of the genetic test to oppose disclosure. 23 Reasons opposing the disclosure of IFs A number of arguments are presented in the reviewed literature regarding circumstances in which IFs should not be disclosed. One cluster of arguments is simply the reverse of the confirmed clinical utility argument used to reason in favor of disclosure: if an IF has unlikely net benefit, it should not be disclosed. This can occur in the early stages of research, for instance, when it can be difficult to validate suspected IFs; several authors advise against disclosing IFs at such a stage, because of the risks of both over-treatment and undertreatment, unwarranted labeling and anxiety on the one hand or a false sense of security on the other hand. 8, 21 An example is the IF of a CNV associated with autism. Research on the connection between CNVs and autism is at too early a stage to be able to say anything certain about this IF at this stage, and if the IF is reported the result may be over-treatment and unwarranted anxiety. 21 Such concerns are also valid in the clinic, if the significance of a particular IF is unclear. 11 Because IFs are findings that fall outside the original aims of the study, it can be the case that they fall outside the expertise of the primary researcher or clinician. If it is impossible to find the necessary expertise to verify and assess an IF, this can be a valid argument against disclosure, though it is not the only relevant factor when deciding about disclosure. 17 In addition, another cluster of arguments emphasize that what is at issue is net benefit: authors writing in a clinical setting argue that if the accompanying anxiety and possible discrimination and stigmatization from the point of view of the patient are perceived as greater than the potential clinical utility, this can argue against disclosure. 3, 11 An example is the IF that someone is at heightened risk of developing Alzheimer's disease. 3 Furthermore, the potential but unlikely benefits accruing from disclosing an IF that is not so serious, untreatable, and/ or of uncertain significance may be so small that, in a research setting, it is better to respect the subject's right not to know and not disclose. 12 Unlikely net benefit is a particular concern when minors are involved. Physical and psychological risks argue against the disclosure of any IFs without clear and proximate importance discovered in minors; these IFs could be late-onset conditions such Pro-disclosure: confirmed clinical utility and the possibility of treatment or prevention In favor of qualified disclosure, with more emphasis on favoring disclosure Caution: implications for family members, the community and relevant population groups Cho, 2008 17 Pro-disclosure: confirmed clinical utility and the existence of an effective intervention or prevention, for example information about susceptibility to environmental factors or reproductive information
In favor of qualified disclosure Anti-disclosure: unavailability of the necessary expertise to verify and assess IFs;
'therapeutic misconception'; lack of an ongoing relationship between researcher and research participant when future IFs are involved Caution: implications for family members, the community and relevant population groups as breast cancer or non-medical conditions. 11, 19 Carrier status can be a case in point, if there is some confusion that being a carrier for a disease such as cystic fibrosis actually has an effect on the child's health. 19 Another type of argument that appears in the reviewed literature on genetic and genomic research to reason against disclosure is the so-called 'therapeutic misconception': that is, if research participants learn that there is a policy of routinely following up and disclosing 
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IFs, they might expect that their participation in the research will yield personal, clinical benefit to them, and that if no IFs are disclosed to them they are completely healthy. 17, 19 When exactly an IF is discovered can be an argument against disclosure. One author argues that the follow-up duties expected from researchers with respect to IFs discovered in the future on data collected now be somewhat limited, especially if the researcher does not have an ongoing relationship with the research participant. 17 Another author contends that research participants must be prepared beforehand for the eventuality of disclosure, or the IF must have grave consequences, otherwise it does not seem fair to surprise the participant with unexpected disclosure. 18 The potential of simply too much information, leading to followup times and costs that are too high, all of which can conflict with the scientific obligations of researchers, are another cluster of reasons arguing against disclosure. This cluster of reasons is also used by the reviewed literature to argue in favor of limiting the possibility of IFs, thereby making non-disclosure in effect inevitable. Information overload from research, when an overwhelming number of IFs have to be prepared for and communicated to the participant, can argue against disclosure. 21 There are some fears that the sheer amount of IFs and the follow-up time and costs may discourage new forms of genetic research, an argument to limit the possibility of IFs. 13 Whole genome sequencing is expected to exacerbate the problem of information overload, resulting in increasingly intricate and complex IFs. This is expected to cause difficulties in clinical genetics too, requiring increases in time and staff expertise with the consequence that not all IFs can be analyzed and communicated. 11 With these potential difficulties in mind, some authors argue that studies should be designed to limit the potential number of IFs and false positives, which can be done by further research into overall disease prevalence and risk estimations, limiting the scope of genetic testing, and the educating of doctors in how to interpret IFs. 13 One suggestion specifically for use in clinical genetics is the development of filtering systems that automatically make decisions about disclosure, to save both professionals and subjects being overwhelmed with the sheer amount of information produced by genetic testing in a diagnostic setting. 11 These measures argue indirectly for non-disclosure of IFs by limiting the number of IFs that arise.
Reasons cautioning the disclosure of IFs A third group of reasons presented in the reviewed literature does not argue directly for or against disclosure, but offers caution when making decisions about disclosure. One reason for caution when making decisions about disclosure in clinical settings is respect for the right not to know and the autonomy of the patient. There is general consensus that IFs with clinical utility should be disclosed, but there is also a concern that compulsory disclosure might harm respect for the autonomy of the patient. 20 At the same time, respect for autonomy is complicated when unanticipated situations arise and it is too late to hypothetically ask the patient what they do and do not want to know. Some authors see respecting autonomy as an antidote to unwanted paternalism, while adding that when unanticipated situations and information arise, decisions about disclosure should be left to the professionals, because they are best able to judge what will be in the subject's best interests. 11, 16 A second reason for caution is that IFs, especially those arising from genetic testing, can have implications for close family members and for the community and relevant population groups. 3, 11, 12, 17, 20, 22, 23 These implications could be to the advantage or disadvantage of third parties. For example, it would be to the advantage of other family members to learn that they may be susceptible to a severe drug reaction, 17 while it would be to the disadvantage of all those with a particular genetic condition if an IF found during research and related to that specific condition led to discrimination and stigmatization. 24 It is argued that family and community-related issues be discussed at the informed consent and ethics review stages. Subjects should be encouraged to include other family members in decisions about involvement in genetic testing and the handling of IFs, and if conflicts arise between the wishes of different family members, it is recommended that these be investigated by a research ethics consultation team, if one exists, and reviewed by an ethics review board. 23 
DISCUSSION
General recommendations in the literature regarding the disclosure of IFs Two main types of recommendations are made in the literature regarding the disclosure of IFs, based on various ethical reasons (Table 1) . One recommendation is in favor of what could be called qualified disclosure; that is, IFs should be disclosed except in special circumstances. One article, from a research context, was very much in favor of disclosure; 22 others in favor of qualified disclosure mentioned reasons such as the unavailability of the necessary expertise to verify and assess IFs, the therapeutic misconception, unlikely net benefit and family concerns. 3, 8, 12, 17, 23 A second type of recommendation is more hesitant: the disclosure of IFs should be done with caution. This recommendation is made in specific contexts such as whole genome sequencing and other new genetic technologies, genetic testing involving minors and IFs discovered in the future on data collected now. 3, 11, 13, 18, 19, 21, 23 It is also made when balancing the autonomy of patients to make their own decisions against the superior expertise and knowledge of medical professionals. 16, 20 The starting point for the two recommendations is that IFs with confirmed clinical utility and having the possibility of treatment or prevention should be disclosed, and then exceptions are made. However, the breadth of terms such as 'treatment' and 'prevention' can be quibbled over. Does treatment only extend to clinical treatment? Or can it be interpreted as 'actionable' , extending to information that can be acted upon in the making of decisions, such as decisions about reproductive choices or life insurance packages? 1 Misattributed paternity is often cited as an IF that is not clinically significant but that many people would probably wish to have disclosed to them. 25 On the other hand, Ross challenges the labeling of misattributed paternity as an 'incidental finding' , as this might mask the serious moral accusation contained in such a finding. 26 This is an example that raises several problems simultaneously: even if disclosure plans are drawn up for clinically significant, actionable IFs, different people will respond differently to the same finding, and it can be difficult to anticipate someone's response if the professional-subject relationship is relatively distant and impersonal, though this distance may be in line with the nature of the genetic test. Expressed another way, issues arise around how fixed definitions and protocols interact with respect for autonomy and professional roles.
One unanswered question is how to communicate these decisions and recommendations for the disclosure of IFs as efficiently as possible to patients and research participants, for their consent or dissent. Concrete proposals for how to achieve informed consent in practice are absent from the literature. If all possible examples of IFs and disclosure and follow-up options need to be discussed with the subject, this could take hours. 27 This is one reason that some authors advocate the use of filtering systems or various governing structures to relieve professionals and subjects from the burden of information overload. 11, 12, 22 Some degree of filtering is applied in any case in genetic sequencing, so that only the most likely disease-causing variants are analyzed. 28, 29 These filtering systems could also be set up to automatically filter out results known to be insignificant or not actionable, depending on the context. If they only filter in results known to be clinically significant and actionable, this would make the appearance of IFs almost, but not completely, impossible. Pleiotropic conditions or misattributed paternity, for example, could still conceivably be discovered. The question remains who decides what is clinically significant and actionable.
With such a filtering system, informed consent would then amount to consenting that others make a lot of the necessary decisions, and many of these decisions could be that many IFs simply do not come to the conscious attention of the clinicians/researchers or patients/ participants. This proposed application of informed consent conflicts with individual autonomy and privacy, 12 but may be the best way to uphold the value of beneficence. 20 If most people do not even know where genes can be found in the body or how genes are inherited, 30 can those presenting at a genetics clinic or for genetics research really be expected to decide what is in their best interests in terms of the handling of IFs? A related issue surrounds those who have forgotten that a genetic test was performed on their DNA in the past, and this marks a difference between IFs arising in genetics and IFs arising in areas such as neurology and oncology. In the latter scenarios, people will at least remember undergoing a physical scan or biopsy. As we have seen above, some argue that it is better not to agitate people with questions about findings from genetic tests that they may have long forgotten about. 18 Finally, it is interesting to note that genetic counseling arose as a reaction to the eugenics of the last century, so that people could make decisions about the use of genetic information without coercion or threats to their autonomy, and not because it was thought that genetic information was particularly dangerous or risky to an individual, their family or society. 3 More research into the views of clinicians, researchers, patients and participants on how automatized filtering systems interact with their professional and individual autonomy appears to be a good way forward. We are in favor of automatized filtering systems that would save the time, money and expertise of medical professionals and subjects for IFs that really are clinically significant and actionable.
The research question for the present systematic review focuses on the ethical reasons presented in discussions on the disclosure of IFs. Few of the articles attempt a ranking of the ethical reasons. Exceptions are those that set respect for the subject's autonomy over the beneficence that compulsory disclosure tries to safeguard, 20 and those that set beneficence as defined by the medical professionals over respect for the subject's autonomy. 16 More work could be done in ranking the ethical reasons relevant when deciding about disclosure. An early article on categorizing genetic tests attempts just this. 31 The article divides genetic tests into four types, based on the combination of clinical validity (present or absent) and the effectiveness and availability of treatment (present or absent). It is argued that the degree of clinical validity and the availability of an effective treatment emphasize in different ways concerns about respect for autonomy, risks, benefits, and how widely available testing and treatment are. Once the varying concerns are ranked, a plan for disclosure and for follow-up can be justified.
Clinical care and research
The majority of the articles included in this systematic review deal solely with researchers, and do not mention clinicians. One reason for this is that it is unclear whether 'incidental finding' is a useful term in clinical contexts, or if all results are actually included in the aim of clinical care. 1, 32 The goal of clinical care is the advancement of the patient's health-related welfare, and so it may be fairly easy to make decisions about disclosure because it is the patient's health that must take priority. 16, 25 This may be why none of the articles covering clinical care advise that IFs of confirmed clinical utility with treatment or prevention possibilities be disclosed to patients, while most of the articles covering research stress this point. In addition, the clinician is likely to have a good enough relationship with their patient that they will have the opportunity to discuss the possibility of IFs before a test or procedure is undertaken, or they will be able to anticipate what the patient's wishes regarding IFs will be even before asking. 25 We have made a distinction, where relevant, between arguments made in research contexts and those made in clinical contexts. At the same time, IFs challenge the traditional research/clinical care divide by introducing clinical problems into research contexts. 33 Clinicians owe their patients a duty of care, and this entails an obligation of using professional care in analyzing all information about a patient; not actively searching for IFs per se, but certainly recognizing what ' a professional of his or her training would ordinarily recognize' . 1 Clinical researchers do not automatically fall under the category of clinician when they conduct clinical research, and expecting them to act completely like clinicians can cause problems because they are not in a clinician-patient relationship. 33, 34 The challenge in our opinion is to expand the role of researcher so that it includes a consideration of (clinical) IFs without jeopardizing the scientific enterprise.
Is 'incidental findings' the best name? Part of the challenge in ethical reflection on IFs is the need for standardized terminology, and the question whether 'incidental findings' is indeed the best term. Debate about disclosing IFs comes out of the earlier debate about returning research results. The earlier debate arrived at various conclusions about checking analytic validity, clinical validity and clinical utility, the right not to know and the disclosure of results that are clinically significant and actionable. 1, 35, 36 This has informed the IFs debate, for example that IFs that are clinically significant and actionable will be disclosed. However, there are two key differences between research results and IFs, which argue that the two be considered separately. 1 One difference is that while research results will lie within the expertise of the researcher, IFs may not, so that interpreting IFs and deciding how to handle them may require outside expert help. The unavailability of outside expert help can be a reason not to disclose IFs. 1, 17, 33 This difference in expertise also means that different professionals may identify different IFs based on the same data, depending on their particular specialty. A second difference is that the extent to which researchers should go to confirm the existence and severity of an IF is unclear, while this lack of clarity is simply not an issue with research results. On the basis of these differences, Wolf et al 1 argue that IFs should be considered apart from the related issue of return of results, as we have done in this systematic review. However, not all authors agree, and it is possible that they may simply not have thought about it, spontaneously considering IFs as part of a larger reflection on return of results. This is a shortcoming in the search strategy employed in this systematic review. 'Return of results' or variations thereof were never included in the search strings, and so if an article included ethical reflection on IFs but did not include 'incidental findings' as a keyword, this article will not have been located except through the snowballing method. However, based on the reasoning above, we stand by our decision to
